Berry phase and curvature play a key role in the development of topology in physics and have been included in the semiclassical theory as they do contribute to the thermodynamics and transport properties in solid state systems. In this paper, we firstly report the novel nonzero Hall effect in topological material ZrTe 5 flakes when in-plane magnetic field is parallel and perpendicular to the current. Surprisingly, both symmetric and antisymmetric components with respect to magnetic field are detected in the in-plane Hall resistivity. Further theoretical analysis suggests that the magnetotransport properties originate from the anomalous velocity induced by Berry curvature in a tilted Weyl semimetal.
The concept of Berry phase was firstly proposed in 1984 (1) and has led to significant breakthroughs in physical science. Recent years, Berry curvature, first discussed in the one band effective dynamics of a Bloch electron (2, 3) , has become an important concept in condensed matter physics (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Numerous experimental investigations show that it has to be considered in the semiclassical electronic theory as a basic ingredient. Many interesting physical phenomena are expected in systems with nonzero Berry curvature, such as time-reversal symmetry broken system and space-inversion symmetry broken system. In these systems, the nonzero Berry curvature can generate an anomalous velocity that is transverse to the applied electric field and thus gives rise to anomalous transport currents, which makes intrinsic contribution to Hall conductivity (2, 4), i.e. the well-known anomalous Hall effect in ferromagnetic materials (14) (15) (16) (17) (18) . Besides, Berry curvature can also affect the density of states in the phase-space, which leads to the violation of Liouville's theorem for the conservation of phase-space volume (19) . As a consequence, a correction term on the density of states is generated, which shows dependence on magnetic field and Berry curvature, and will have profound effects on transport properties.
The emergence of Weyl semimetal provides a new platform to explore Berry curvature. Weyl semimetals host gapless bulk excitations described by Weyl equation and metallic Fermi arc states on the surface. As a result of band crossing between a pair of spin-non-degenerate bands, Weyl node behaves like magnetic monopole in momentum space and can generate divergent Berry curvature around the Weyl points (20) (21) (22) . The Berry curvature integrating over the Fermi surface enclosing a Weyl point gives a quantized topological charge, which equals the chirality of Weyl node (23) . Many interesting Berry curvature-related physical phenomena are proposed in Weyl semimetals e.g. chiral anomaly (23, 24) . Recently, it was proposed that the Berry curvature can give rise to a new type planar Hall effect in Weyl semimetals (25, 26) . The proposed planar Hall effect appears when the electric and magnetic field are coplanar, symmetric with magnetic field, and satisfies the angular relation:
, with denoting the angle between electric and magnetic field. When coplanar electric and magnetic field are aligned in parallel or perpendicular directions, the proposed planar Hall effect signal will vanish. The systematic experimental studies on the relation between the planar Hall effect and the magnetic field, especially on the symmetric-antisymmetric property and the angular dependence, are still highly desired.
In this work, we present the first experimental observation of nonzero Hall effect when in-plane magnetic field is parallel and perpendicular to the current, which is clearly revealed by systematic and reliable magnetotransport studies in topological (27) and anomalous Hall effect (36) . In this work, ZrTe 5 flakes supported by 300 nm SiO 2 /Si substrates were mechanically exfoliated from high quality single crystals (34) . The standard e-beam lithography followed by e-beam evaporation was used to fabricate electrodes. Figure 1A cover the whole flake. The typical longitudinal resistivity as a function of temperature from 300 K to 2 K is shown in Fig. 1B . Device 1(s1, 300 nm thick) and device 2(s2, 225 nm thick) are selected as representatives here. With temperature decreasing from 300 K to 2 K, a resistivity peak can be clearly observed in both devices. This resistivity vs. temperature (ρT) is different with the resistivity saturation at low temperatures for the bulk single crystals (34), from which the devices are exfoliated.
Another feature shown in ρT behavior is that the thinner flake exhibits higher temperature of the resistivity peak, which indicates the enhancement of the metallic state in thinner flakes. Previous studies show that this is a consequence of the energy bands shifting (37) .
Unconventional Hall Effect Detected by Magnetotransport Measurements
We further explore the magnetotransport properties of ZrTe 5 Figure 4D and Figure 4E show temperature dependence of antisymmetric in-plane Hall resistivity at and .
A linear behavior is clearly obtained. In low temperature regime, Hall resistivity at fixed magnetic fields slightly decreases with increasing temperature at both and .
To further confirm the detected nonzero Hall signals when in-plane magnetic field is parallel or perpendicular to the current, we carry out Hall measurements in other ZrTe 5 devices too. As shown in Fig. S5 , similar nonzero Hall resistivity can be observed in device s1. Therefore, in topological ZrTe 5 devices, Hall effect does exist when in-plane magnetic field is parallel and perpendicular to the current.
Discussion
The unconventional nonzero Hall resistivity detected at and is very unusual. Our ZrTe 5 sample can be considered as a topological semimetal (34) .
Previous consideration of planar Hall effect in topological semimetal (25, 26) proposes conductivity correction quadratic in the magnetic field, which is symmetric with respect to magnetic field and different with our findings. In addition, the angular dependence of the previous theory is not consistent with our observations too. This discordance may originate from the oversimplification of previous theoretical model, (22) considering the precise value of the spin orbital coupling strength. Nevertheless, the Fermi energy in our samples satisfies the relation E F >> , which indicates the gap has little impact on the Berry curvature and the Fermi velocity on the Fermi surface.
Therefore, our theoretical conclusion stands even considering a small gap in ZrTe 5 .
Conclusion
In summary, we fabricated and measured 
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We investigate the electronic transport in ZrTe 5 in the semiclassical regime. With
Berry curvature included, the equations of motion read (1) (2) (3) (4) where is the group velocity of the wave packet, is the momentum, is the electric field, and is the magnetic field. From the equations above, we can obtain where is the Fermi velocity, and is the phase-space volume factor (1, 4 The Hall conductivity in Eq. (S12) can be utilized to fit the experimental data in 
